The pH of the medium in which staphylococcal susceptibility to penicillins was determined was found to make a profound difference (128-to 8,000-fold) in the expression of "intrinsic" resistance, whereas B-lactamase-mediated resistance was only slightly affected by pH; methicillin-resistant staphylococci that are ,B-lactamasenegative are models of pure intrinsic resistance, and the common ,B-lactamase-producing organisms (methicillin-susceptible) are examples of pure f3-lactamasemediated resistance. Methicillin-resistant staphylococci were unable to express their resistance at pH 5.2. However, growth of methicillin-resistant organisms in acid (pH 5.2) medium, followed by susceptibility testing at pH 7.4, showed no elimination of the genotype for intrinsic resistance, indicating that the pH effect was due to suppression, rather than to elimination of the gene determining the intrinsic resistance. These pH changes had little effect on the susceptibility of staphylococci that possessed neither intrinsic resistance nor g-lactamase-mediated resistance. Thus, the suppression of "intrinsic" resistance was highly specific, and probably not the result of a change in ionization of the antibiotic, which would have been expected to affect all cells essentially equally. It is unlikely that foci of inflammation in man become sufficiently acid to suppress methicillin resistance of the staphylococci causing infection and inflammation.
Methicillin-resistant strains of Staphylococcus aureus by definition are not inhibited by less than 25 ,ug of methicillin per ml, and some will grow in the presence of > 1,600 ,ug/ml (13) , whereas ordinary strains are usually inhibited by 1.6 to 3.1 ,uglml (14) . The mechanism for the resistance is not known, but it is not due to antibiotic inactivation and is therefore considered to be "intrinsic." The most convincing evidence for this is that segregants of,-lactamase-producing strains of methicillin-resistant S. aureus that have lost thei g3ne determining f-lactamase production fully retain their methicillin resistance (5, 15) . Such segregants also retain some resistance to benzylpenicillin, but much less than they had before the loss of the ,3-lactamase gene (5) . Methicillin-resistant strains are also resistant to all of the other semisynthetic penicillins and cephalosporins currently available (4, 7) .
In the course of studying the effect of pH on the antibacterial activity of a variety of antibiotics, it was noted that the pH effect with penicillins was much greater with methiciUin-resistant staphylococci than with those that were susceptible to methicillin. The aim of the present study was to define this phenomenon.
MATERIALS AND METHODS
Organisms. All but 1 of the 19 naturally occurring methicillin-resistant staphylococci studied were isolated in the Medical Bacteriology Department of Boston City Hospital by or under the direct supervision of A. Kathleen Daly or Alice MacDonald. The exception was one (penicillinase-negative) strain (M-R ColP-) isolated in England and obtained from K. G. H. Dyke (5) . Five methicillin-susceptible strains were studied of which three produced ,Blactamase. A j3-lactamase-negative segregant of a methicillin-resistant strain (M-R lP+) was obtained by applying the Haight-Finland technique (8) to individual colonies (12) .
Media, antibiotics, and susceptibility testing. Organisms were grown in Difco brain heart infusion (BHI) broth or on Difco heart infusion (HI) agar. Although the selective pH effect on antibiotic susceptibility noted suggests a direct action of pH on the methicillin-resistant cells (possibly change in ionization of a receptor or inhibition of an active resistance mechanism) rather than on the antibiotic, the possibility still exists that a change in ionization of the antibiotic is what is important. If this were the case, it would suggest that ionization of the penicillin was relatively unimportant for access to the receptor on the methicillin-susceptible strains but critically important for activity against methicillin-resistant strains.
The fact that growth of cells in medium at pH 5.2 before antibiotic susceptibility testing at pH 7.4 failed to suppress antibiotic resistance indicates (i) that the gene determining methicillin resistance was not eliminated during growth at acid pH and (ii) that suppression of intrinsic resistance is readily reversed (also supported by fact that cells grown at pH 7.4 appeared to be methicillin-susceptible if tested at pH 5.2). Membrane lipids produced by staphylococci grown in acid medium have been shown to differ from those obtained from cells grown at neutral pH (9) , and such a structural change could be the basis for the change in antibiotic susceptibility. However, this would seem to be a less plausible explanation than a characteristic that could be more readily changed, e.g., state of ionization. Thus, changes in ionization (of antibiotic or of a wall component) or acid suppression of an as yet unidentified resistance mechanism would seem to be more attractive explanations.
Another possible explanation for the pH suppression of methicillin resistance which must be considered is that the acid medium itself prevents methicillin-resistant cells from growing, whether or not antibiotic is present: the only cells then growing would be the methicillin-susceptible portion of the original heterogeneous population. This would account for the absence of methicillin resistance at pH 5.2 and also for the lower colony counts on drug-free medium at pH 5.2. However, this postulated explanation would not account for the fact that resistance to cephaloridine can be expressed at pH 5.2. Hence, it cannot be concluded that the acid medium by itself is selectively inhibiting growth of the resistant cells.
It has previously been reported that methicillin resistance of S. aureus cannot be expressed at high temperatures (3, 10) , and the possibility that the expression of the resistance mechanism is easily inhibited, by both heat and acid, is attractive. It seems unlikely that acid suppression of methicillin resistance in S. aureus would be clinically important. A fall in pH to 5.5 would only minimally lower the inhibitory concentration of methicillin for most resistant staphylococci. However, a few of the methicillin-resistant strains did show 32-fold changes in MIC at pH 5.5, and in infections caused by such strains pH suppression of methicillin resistance may be clinically important. Although methicillin resistance could not be expressed in an inflammatory lesion with a pH of 5.2, we are not aware of this degree of acidity occurring frequently in infected foci. The lowest pH of 33 pneumonic pleural fluids reported by Finland was 5.4; 2 were pH 5.6 but 30 of the 33 were pH 6.3 or higher (6) .
